The ascomycete yeast Hansenula wingei was able to grow with nitrate, ammonium, glutamate, glutamine or hypoxanthine as sole nitrogen source. Conditions for assay of nitrate reductase (EC 1.6.6.2; NR)and nitritereductase (EC 1 . 6 . 6 . 4 ; NiR) wereoptimized incell-freeextracts from nitrate-grown cells. N R utilized NADH and NADPH as electron donor and required FAD for maximum activity; NiR was NADPH-specific. Glutamate-grown cells possessed low levels of both enzyme activities and, of the nitrogen sources tested only nitrate was able to induce both enzyme activities above this low basal level of constitutive expression. Ammonium, glutamate and glutamine each prevented nitrate induction of the activities in glutamate-grown cells. Addition of ammonium, glutamate or glutamine to nitrate-grown cells which possessed appreciable levels of NR and NiR caused loss of activity, even if added with nitrate. Loss of both activities under these conditions occurred faster than in cells in which activity loss occurred solely due to nitrate depletion. Both increases and decreases in N R and NiR activity were dependent on protein synthesis.
grown at 30 "C and 150 r.p.m. on an orbital shaker (New Brunswick Scientific (3-10, 5 cm orbit). Experiments to study the development of N R and NiR in relation to nitrogen source used either glutamate (4 mM) or nitrate (4 mM) as sole nitrogen source. Cultures were grown until the optical density reached 0.95. The cells from six flasks were pooled aseptically and 500 ml removed. Cells were harvested and used as the zero time sample. The nitrogen source(s) whose effect was being studied. with or without cycloheximide, was then added directly to the remaining pooled culture. After mixing the culture was returned to five 2 1 flasks and reincubated. At subsequent I h intervals one of the cultures was harvested.
Hart*estingqf'cells. Cells were harvested by centrifugation and washed twice with distilled water. The wet weight of the cells was determined and the pellet was either extracted and assayed for enzyme activities immediately or stored at -20 "C and assayed within 4 weeks. All enzymes were stable over this period.
Ertracrion ofcells. Extraction buffer [0.1 M-pOtaSSiUm phosphate buffer, pH 7.5, 0.1 mM-EDTA, 20 PM-FAD. 0.1 mM-PMSF (dissolved in 0.5 ml 963; ethanol immediately before use) and 0.1 m~-D T T ] was added t o the frozen or fresh pellet; 3 ml were used per g wet wt cells. The slurry was decanted into a large glass test-tube (200 mm x 30 mm) containing an equal volume of acid washed glass beads (Jencons grade 9.0.4 -0.5 mm diam.) and the tube contents were vortexed vigorously at top speed for 3 min. The cell homogenate was decanted from the tubes and centrifuged at 38000g at 4 "C for 20 min. Samples of the supernatant were then assayed for enLyme activities.
Asma): qf'enzymes. N A DPH-dependent N R . The assay mixture contained potassium phosphate buffer, pH 7.5 (70 mM). NADPH (I50 p~) , potassium sulphite ( 5 mM), F A D (5 p~) and 0.1 ml supernatant in a total volume of 2.0 ml. Potassium nitrate (0.1 ml of 0.1 M) was added to start the reaction and the oxidation of NADPH at 30 "C was followed at 340 nm. Specific activity is expressed as nmol NADPH oxidized min-' (mg protein)-'. Nitrate was omitted from controls. Sulphite was added to selectively inhibit NADPH-dependent NiR (Lafferty & Garrett, 1974) .
NADPH-dependent NiR. The reaction constituents were the same as for the assay of NR except that the reaction was started by the addition of 0.1 ml 20 mM-pOtaSSiUm nitrite and potassium sulphite was omitted. Nitrite was omitted from controls. Specific activity is expressed as nmol NADPH oxidized min-' (mg protein)-'.
Protein determination. Protein was determined using the dye-binding method of Bradford (1976) with bovine serum albumin as standard protein.
R E S U L T S A N D DISCUSSION
Growth of H . wingei on diflerent nitrogen sources H . rrvingei was able to grow in shaken culture on nitrate and on a variety of other nitrogen sources (Fig. I) . Growth kinetics on ammonium tartrate, glutamine and glutamate were similar and showed a lag phase of about 4 h. Like the fission yeast Schi,-osacchurom~cc..s pomhc. (Kinghorn & Fluri, 1984) but unlike Sacchuromyes cererisiae (La Rue & Spencer. 1968) H . wingei was able to utilize hypoxanthine as a nitrogen source for growth. However, growth on hypoxanthine and on nitrate occurred after a longer lag of about 9 h ( Fig. 1 ) , perhaps due to the time required for the development of the enzyme systems (Fluri & Kinghorn, 1985) . Nitrite was a poor nitrogen source, perhaps due to toxicity effects, but the organism grew as well on agar plates with nitrite as sole nitrogen source as it did on nitrate (data not sh,owr?).
Electron donor to N R and NiR
Assay conditions for NR and NiU were optimized in cell-free extracts of nitrate-grown cultures. NADPH was much more effective than NADH as electron donor to NR. Addition of FAD to the extraction buffer was much more effective than subsequent addition to the reaction mixture (Table 1) suggesting that F A D stabilized H . vtingei N R against inactivation during extraction and storage. The NRs from the yeasts Hansenulu unomala (Zauner & Dellwcg, 1983) , Torulopsis nitrutophila (Rivas ct al., 1973) and Rhodotorula glutinis (Guerrero & Gutierrez, 1977) are also bispecific for NADPH and NADH in contrast to the N R from A . rriiluluns (MacDonald & Coddington, I974), N. cra.sa (Garrett & Amy, I978), Perricilliurzr chrysogenunt (Renosto et ul., 1981) and the basidiomycete yeast Sporoholomyces roseus (All & Hipkin, 1985) which are NADPH specific. NiR was virtually NADPH specific and maximum activity required the presence of FAD in thc extraction buffer as also reported for NiR of N . crussu (Lafferty & Garrett, 1974) . There appeared to be no stabilizing role for F A D (Table 1) .
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0 10 20 30 Time (h) Fig. 1 . Growth of H . wingei. Cultures were grown with 2 mwglutamine (a), 2 mM-ammonium tartrate (A), 4 mM-sodium L-glutamate (V), 4 mM-hypoxanthine (e), 2 mM-potassium nitrate (m) or 2 mMpotassium nitrite (0) as sole nitrogen source. Growth was followed spectrophotometrically at 600 nm and optical densities were converted to no. of cells ml-' from a standard curve. Regulation of decelopment of N R and NiR acthities We examined the role of a variety of nitrogen sources in the development of NR and NiR activity. However, we do not know the molecular mechanisms which underlie such changes and we use the terms induction and repression as operational terms to define either an increase or decrease in enzyme activity.
In initial experiments H . \vingei was grown on 4 mwglutamate as sole nitrogen source and when cells were in late exponential phase the effect of direct addition of nitrate and other nitrogen sources on the development of enzyme activities was tested over a 5 h period. Cells continued to grow over this period. Glutamate-grown cells possessed low but measurable levels of both NR and NiR activity, perhaps a reflection of low constitutive expression of the NR and Values shown are means of four independent experiments done in duplicate; individual results were within ?
of the mean value.
NiR genes. Addition of nitrate caused a marked increase in both NR and NiR activity after a lag of about 40-50 min (Fig. 2a,b) . Loss of both activities occurred 3-4 h after nitrate addition by which time cell nitrate levels had fallen by one-half (data not shown). Ammonium, glutamate and glutamine acted antagonistically to nitrate in the development of NR and NiR activity since addition of either ammonium tartrate (5 mM), glutamine (5 mM) or glutamate (10 mM) at the same time as nitrate prevented the increase of both activities, as did cycloheximide (40 pg ml-I) (Fig. 2a,b) . However, low basal levels of both activities could still be measured in all cases. Ammonium and glutamine also repress the nitrate-induced deveiopment of NR and NiR activity in A . nidufans (Cove, 1979) and N . crassa (Garrett & Amy, 1978) and in both Candida nitratophilu (Cannons et al., 1986) and Sporoholomyces roseus (Ali & Hipkin, 1985) ammonium represses the development of NR activity. The role of nitrogen sources in the development of NiR activity has not previously been examined in yeasts. The antagonistic effects of glutamate on nitrate induction of NR and NiR activity seen here (Figs 2u, b and 3a, b) are in contrast to the situation in A . nidulans (Cove, 1966 ) where glutamate appears to be a neutral nitrogen source. In N . crassa ammonium is believed to be effective in repression by virtue of its further metabolism to glutamine (Dunn-Coleman et al., 1979; Premakumar et al., 1979) . A similar situation may exist in H . wingei.
In other experiments H . wingei was grown on nitrate (4 mM) for 14 h until the cells were in late exponential phase, when they had appreciable levels of NR and NiR activity, and activity continued to increase for a further 2 h before declining (Fig. 3a, b) as the cellular nitrate level declined (data not shown). Addition of further nitrate (10 mM) at this point (14 h) caused the normal activity increases to be sustained for longer than 2 h, although this was more pronounced in the case of NR (Fig. 3a, b) . Cycloheximide blocked these increases in enzyme activity (Fig.  3a, b) . Addition of either ammonium tartrate ( 5 mM), glutamine ( 5 mM) or glutamate (10 mM) alone, or with nitrate, caused NR and NiR todecline faster than in cultures to which no addition was made (Fig. 3a, b) again demonstrating the antagonistic effects of these reduced nitrogen sources. The net loss of both activities which occurred in nitrate-depleted cultures was retarded in the presence of cycloheximide (Fig. 3a, 6 ). This suggests that both the increases and the decreases in NR and NiR activity seen in this study are dependent on protein synthesis. The use of immunological techniques has recently shown that the induction of N R activity in C. nitratophila is due to de now synthesis and that changes in NR activity levels seen in response to nitrogen sources correlate with amounts of N R protein (Cannons et al., 1986) .
The data reported here suggest that when presented with nitrate and a reduced nitrogen source H . wingei preferentially utilizes the reduced nitrogen source. We cannot say whether the reduced nitrogen sources bring about their effect by interacting relatively directly with the regulatory mechanisms which control expression of the NR and NiR genes, or indirectly, for instance by interfering with the uptake of the inducer, nitrate.
